We report on photometric follow-up of the recently discovered transiting planet WASP-1b. We observed two transits with the Wise Observatory 1m telescope, and used a variant of the EBOP code simultaneously with the SysRem detrending code for fitting the light curve. Assuming a stellar mass of 1.15M ⊙ we derived a planetary radius of R p = 1.398 ± 0.076R J and mass of M p = 0.867±0.073M J . We also derived an improved ephemeris for the transit:
INTRODUCTION
Transiting extrasolar planets provide a unique opportunity to derive the planetary radius and mass by combining photometric and spectroscopic measurements (e.g., Charbonneau et al. 2006) . The parameters of the population of close-in planets can then be used to test theoretical models, like the expected density and mass distribution of close-in planets to search for planetary candidates by detecting transit-like light curves. Those candidates are later followed-up spectroscopically in order to constrain the mass of the secondary and confirm or refute the planetary nature of the unseen companion (e.g., O'Donovan et al. 2006a ). These wide-field surveys have so far discovered 6 of the 14 currently known transiting planets 1 (Alonso et al. 2004a , McCullough et al. 2006 , O'Donovan et al. 2006b , Bakos et al. 2006 , Collier Cameron et al. 2006 . However, photometric measurements taken by wide-field small-aperture telescopes are not accurate enough to give useful constraints on the system parameters. Hence, photometric follow-up observations using larger telescopes are essential in order to obtain accurate system parameters.
The WASP 2 consortium (Pollacco et al. 2006) has recently detected two new transiting extrasolar planets, WASP-1b (Garafia-1) and WASP-2b (Collier Cameron et al. 2006 ).
Collier Cameron et al. (2006) have also suggested that WASP-1b is probably an inflated, lowdensity planet, similar to and HAT-P-1b (Bakos et al. 2006) and HD209458b (e.g., Knutson et al. 2006 ).
WASP-1b system parameters given by Collier Cameron et al. (2006) are weakly constrained, as they were derived from photometric data of the SuperWASP small-aperture cameras. In this work we have set out to better constrain WASP-1b system parameters using Wise Observatory 1m telescope. We describe the observations in § 2 and the data processing in § 3. In § 4 we briefly discuss our results.
OBSERVATIONS
We observed two WASP-1b transits with the 1m telescope at the Wise Observatory, on the nights of 2006 October 4 and 2006 October 9. Observing times are given in Table 1 .
Observations were carried out in the I filter using a Tektronix 1024 × 1024 pixel backilluminated CCD, with a pixel scale of 0.696 ± 0.002 arcsec pixel −1 and an 11.88 × 11.88
arcmin overall field of view (Kaspi et al. 1999 ). Auto-guiding was used on both nights. in particular the moon's altitude, which was at a phase of 0.92 that night. In addition, there was a short period of cloudiness on the October 9 night which prevented us from observing the egress of that transit. Nevertheless, we were able to observe the star for a short period after the transit, thus allowing to calibrate the light curve zero point.
We did not center the field of view on the target star but instead positioned it at 00:20:21, +32:02:39 (J2000), so as to include a maximum number of comparison stars, which are essential to the reduction of the transit light curve.
DATA PROCESSING AND MODEL FITTING
Photometric processing was performed using IRAF packages and routines 3 . Bias subtraction and flat field correction were done with the CCDPROC package with calibration exposures taken nightly. Using the IRAF PHOT task we applied aperture photometry to all field stars in the reduced frames, with a few trial values for the aperture radius and sky annulus size. For the 2006 October 4 frames the most satisfactory result was obtained with an aperture of 7 arcsec and an annulus inner and outer radii of 35 arcsec and 63 arcsec, respectively. For the 2006 October 9 frames, an aperture radius of 6 arcsec and an annulus inner and outer radii of 28 arcsec and 56 arcsec, respectively, gave the best result.
We processed the photometric results similarly to Winn, Holman and Roussanova (2006, in preparation) . We used 9 reference stars and normalized their light curves to have unit median. Then, we averaged these light curves and used the average light curve to normalize the target star light curve. Finally, we fitted a linear function to the out-of-transit measurements and divided the light curve by this function. We applied a similar process to the light curves of all reference stars, where a linear function was fitted to all measurements.
3 IRAF (Image Reduction and Analysis Facility) is distributed by the National Optical Astronomy Observatories (NOAO), which are operated by the Association of Universities for Research in Astronomy (AURA), Inc., under cooperative agreement with the National Science Foundation.
Photometric parameters
We used the Eclipsing Binary Orbit Program (EBOP) code (Popper & Etzel 1981) to fit a transit lightcurve to our photometric measurements. EBOP is widely used for modeling eclipsing binary lightcurves, and can be easily adapted to model transits as well (Gimenez 2006 Assuming a circular orbit, we parametrize a transit light curve with the following parameters: the out-of-transit magnitude I, the period P , the mid-transit time T c , the stellar fractional radius r * = R * /a, the ratio of planetary radius to stellar radius k = R p /R * , the impact parameter b = cos i · a/(R * + R p ) and the limb-darkening coefficient u, using EBOP's linear limb-darkening model.
We calculated 12 systematic effects of the photometric data by applying SysRem (Tamuz, Mazeh & Zucker 2005) to the 9 reference stars in the field. We fitted the SysRem coefficients together with the transit parameters, ultimately finding a global best fit for which the residuals are decorrelated by SysRem.
In fitting the light curve we assumed a linear limb-darkening coefficient of u=0.37, according to the table of passband-specific limb-darkening coefficients of Van Hamme (1993), using T ef f and logg given by Collier Cameron et al. (2006) . When we left u as a free parameter the fitted value was u = 0.206 ± 0.079, significantly lower than expected for this type of star (Van Hamme 1993) . Hence, we fixed it at the theoretical value.
We adopted the period of Collier Cameron et al. (2006) , and allowed a different magnitude zero point (I 1 , I 2 ) for each of the two transits. Our optimization was therefore performed over 18 parameters: T c , r * , k, b, I 1 , I 2 and the 12 SysRem coefficients c 1 through c 12 . Since the last 14 parameters are linear coefficients that can be fitted analytically, the search space was effectively four dimensional.
After performing this global fit we examined the residuals and found that their RMS was 1.8 mmag in the first night and 2.4 mmag in the second. This is in accordance with the fact that observing conditions were better in the first night. We therefore set the photometric errors accordingly, and re-did the fit.
We used Monte Carlo simulations to estimate uncertainties on the derived parameters. To cross-check our estimates we plot in Fig. 1 two χ 2 contour maps. The left panel, presenting χ 2 as a function of r * and b, shows the well known degeneracy of the impact parameter and the stellar radius, while the right panel, presenting χ 2 as a function of r * and k, shows that the two radii are practically uncorrelated.
All our measurements, after the SysRem detrending, are publicly available and we list them in Table 2 . The light curves are presented in Fig. 2 and the fitted system parameters are listed in Table 3 . Accuracy of the parameters in Table 3 is a factor of 5-10 better than that of Collier Cameron et al. (2006) . From those parameters we calculated the orbital inclination to be 89.8 ± 1.9 deg.
We used our value of mid-transit time, T c , together with the one derived by Collier Cameron et al. (2006) to re-calculate the orbital period. Since some 350 periods have elapsed between the WASP observations and our own, we were able to re-estimate the period with an error smaller by almost an order of magnitude. Our improved period is 2.519961 ± 0.000018 days.
Spectroscopic parameters
We re-calculated the spectroscopic parameters, K 1 and γ, using the radial-velocity measure- performed two years before the radial-velocity ones, and therefore did not constrain the phase during the radial-velocity measurements. Using our ephemeris, we were able to determine the phase of the radial-velocity curve to a precision of about a minute, and calculate again the orbital parameters using this constraint. Our derived spectroscopic parameters are: K 1 = 118 ± 10 m sec −1 and γ = −13.5061 ± 0.0082 m sec −1 .
In order to derive the orbital separation, stellar and planetary radii and the planetary mass we used the stellar mass given by Collier Cameron et al. (2006) . As there is a large uncertainty in the stellar mass, we repeated our calculation also for the lower and upper limits Table 3 . Light curve fitted parameters.
2454013.31269 ± 0.00047 indicates that WASP-1b radius is one of the largest among the transiting planets radii, possibly the largest, and is similar to HAT-P-1b (Bakos et al. 2006 ) and HD209458b (e.g., Knutson et al. 2006) . The inflated nature of WASP-1b was already pointed out by Collier Cameron et al. (2006) .
Combined with all the currently available data of transiting extrasolar planets, our new values, plotted in Fig. 4 , reaffirm the mass-period relation first pointed out by Mazeh, Zucker & Pont (2005) . The only outlier to this relation is HD149026b (Sato et al. 2005) which probably has a dense core (Fortney et al. 2006 ).
To summarize, we present here photometry of two transits of the planet around WASP-1, recently published by Collier Cameron et al. (2006) . Our data yield better constraints on the system parameters, mainly the planet and star radii. Combined with the previously published results, our new data provide a longer time span, which we use in order to fix the phase of the radial-velocity orbit. Thus, the planet mass is also slightly better constrained using the new data. The new planet is an inflated, low-density planet, similar to HAT-P-1b (Bakos et al. 2006 ) and HD209458b (e.g., Knutson et al. 2006) . We put all our photometric measurements in the public domain for any further study.
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